We present results from X-ray observations of the intermediate polars AD Psc and V1223 Sgr, taken with the ROSAT HRI and the Ginga LAC. Both sources show sinusoidal modulation at the white dwarf spin period in all energy bands, possibly with the exception of the highest. The depths of these modulations increase at lower energy, but the rates at which they do so are not consistent with single column densities of absorbing material. Neither source shows any significant pulse at the beat period, which argues for a predominantly disc-fed accretion model in each case. The AD Psc observations show a modulation at the orbital period, which in the ROSAT data may indicate an extended absorbing structure, with a dip at orbital phase ~0.5-0.8 superimposed. The V1223 Sgr ROSAT data show short dips which occur intermittently at around orbital phase 0.8. These dips vary in duration and phase of commencement and suggest that the system inclination angle is just sufficient for our line of sight to graze the upper extent of the material thrown out of the disc plane.
INTRODUCTION
Cataclysmic variables (CVs) are semidetached binaries in which a white dwarf accretes matter from a late-type Roche lobe-filling companion. AO Psc and V1223 Sgr are members of the subclass of CV s known as intermediate polars. In these, the white dwarf magnetic field is strong enough to disrupt any accretion disc, and indeed may prevent a disc from forming in some systems. The accreting material is guided on to regions in the vicinity of the magnetic poles, resulting in a stand-off shock, in which the gravitational energy of the material is released by thermal bremsstrahlung processes, largely in the X-ray band. Observations reveal X-ray modulations at the spin period of the white dwarf (Pspin ), and at the orbital period (P orb) in some systems. There may also be a modulation at the beat period (Pbeat ), that is the white dwarf spin period relative to the orbital frame. For comprehensive recent reviews of intermediate polars see Patterson (1994) and also Hellier (1995) and Norton (1995) .
Models of accretion in intermediate polars may be split into three broad classes. (i) The accretion may be via an accretion disc, the infalling material hitting the outer edge of the disc at a 'hotspot', with some matter being thrown out of the orbital plane. After passing through to the inner edge of the disc, the material threads on to the magnetic field lines, and the result is an arc-shaped accretion curtain above the shock and a corresponding footprint on the surface of the white dwarf (Rosen, Mason & Cordova 1988) . (ii) If the field is too strong to allow a disc to form, the material accretes © 1997 RAS directly as a stream that falls from the inner Lagrangian point (see e.g. Hameury, King & Lasota 1986) . At several radii above the white dwarf, the material threads on to the magnetic field lines and is channelled on to a region of the surface in the vicinity of one of the poles. (iii) A proportion accretes via a disc, whilst the rest accretes directly, skimming over the disc surface. This is known as a non-accretion disc, or a disc-overflow mechanism, described by Lubow (1989) and King & Lasota (1991) .
The X-ray flux is modulated due to various factors. For instance absorption by the accretion curtain immediately above the shock and self-occultation by the body of the white dwarf (King & Shaviv 1984; Fabian Pringle & Rees 1976) can both cause a signal at the spin period. If there is a stream-fed component, the accretion rate on to each pole will vary with the beat period, resulting in a rriOdulation at that period. An absorber fixed in the orbital frame will cause a modulation at the orbital period if it crosses the line of sight. The effect of combining such modulations is discussed in Norton, Beardmore & Taylor (1996) .
There are several current problems in modelling these systems, including whether or not a single column density can adequately fit the observations; what proportion of accretion is direct or via a disc; and, if orbital modulation is a common feature, what is its precise cause.
THE OBSERVATIONS
The observations presented here are of two of the longest established intermediate polars, AO Psc and V1223 Sgr. AO Psc was first detected as an X-ray source (H2252-035) by HEAO-I, and its optical counterpart was identified as a 13th-magnitude emission-line object. The X-rays were modulated at a period of 805 s, recognized as the spin period of the compact object, whilst the optical flux was modulated at two periods, 3.59 h (the binary orbital period) and 858 s (the beat period). See White & Marshall (1981) , Patterson & Price (1981) and references therein. V1223 Sgr, a 13th-magnitude irregular variable star, was identified with the Uhuru source 4U 1849-31 by Steiner et al. (1981) . The optical pulse period of 794 s (the beat period of the system), and :e
.. the 3.37-h orbital period were firmly established by Warner & Cropper (1984) . The 746-s spin period of the white dwarf, predicted by Steiner et al. (1981) , was later detected using EXOSATobservations by Osborne et al. (1985a,b) . Both objects were more recently observed by the-ROSAT High Resolution Imager (HRl) and the Ginga Large Area Counter (LAC). Table 1 summarizes the information about each observation. For technical information regarding these instruments see Zombeck et al. (1995) and Turner et al. (1989) respectively.
The ROSAT HRI data were reduced using the Starlink ASTERIX package (Allen & Vallance 1992) . For AO Psc source counts were averaged over a 1.8-arcmin radius centred on the object, and the background count rate was determined from a 3.0-arcmin radius annulus surrounding the source, which was then subtracted by proportion from the source area. The equivalent figures for V1223 Sgr were 3.0 and 9.0 arcmin. The HRI has an energy range of 0.2-2.4keV, with the largest proportion of sensitivity being between 0.5 and 2.0keV.
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., The Ginga data were obtained from the archive at Leicester University and data analysis and background subtraction were carried out using standard software. As Ginga has no provision for a simultaneous background measurement, nearby off-source regions were observed so that suitable modelling of the X-ray background could be made. For AO Psc we used the local method described in Hayashida et al. (1989) which involves three radioactive decay terms. For V1223 Sgr a variation on this was used, involving only one decay term (with e-folding time of 12.5 h) due to passage through the South Atlantic Anomaly, as the background variability was found to be reduced towards the end of the Ginga mission (Butcher, private communication). After background subtraction, Ginga LAC light curves were created in four energy bands: 1.7-4.1,4.1-6.4,6.4-9.8 and 9.8-18.6 keY.
RESULTS
AD Piscium
The light curves for the two observations are shown in Figs 1 and 2. Orbital phases were calculated using the optical ephemeris from Kaluzny & Semeniuk (1988) , whose phase zero corresponds to optical maximum. When extrapolated to the epochs of these observations, there is an uncertainty of -0.11 cycle for the ROSAT data and -0.07 cycle for the Ginga data. Fig. 1 , the ROSAT light curve for AO Psc, shows a clear spin modulation, and also a pronounced dip in each orbital cycle at around orbital phase 0.5-0.8. The Ginga light curve (Fig. 2 ) also shows the spin modulation, but orbital dips are less apparent. Where present, they are clearest in the lowest energy band, shown here, at around the same phase as in the ROSAT data. Power spectra of these observations (see Norton et al. 1996) confirm the presence of both spin and orbital modulations at the expected periods for each data set, but show little evidence for a beat period signal. Fig. 3 shows these light curves folded at the orbital period, using the ephemeris above. Bearing in mind the relative phase uncertainty, the X-ray orbital maximum is approximately in phase with the optical maximum. There is a well-defined modulation in the ROSAT data, but this is less clear in the Ginga data, although still present. At even higher energies, there is little evidence for an orbital modulation. This is consistent with the findings of Hellier, Cropper & Mason (1991) 1983 and 1985) , each of which spanned fewer orbital cycles than these observations.
We have extracted subsets of the signal from ranges of orbital maximum and orbital minimum for separate analyses, folding them at the spin period, to allow comparison of modulation-..depths at orbital maximum and minimum (Fig. 4) . The published spin ephemeris of Kaluzny & Semeniuk was found to have uncertainties greater than half a spin period when extrapolated to the epochs of these observations. Spin phase zero in Fig. 4 is therefore arbitrary, although the two sets of data (at different epochs) have been aligned by sinusoidal fitting.
V1223 Sagittarii
The light curve for V1223 Sgr obtained with ROSAT is shown in Fig. 5 and displays a strong modulation at the spin period. Using the orbital ephemeris of Jablonski & Steiner (1987) , phases are plotted on the figure (accurate to -0.1 cycle when extrapolated to this Elsewhere, these dips are less prominent, but may be present in, for example, cycles 2 and 28. When folded at the orbital period, the ROSAT light curve shows no consistent pattern of modulation, which is to be expected given the cycle-to-cycle variation in dips apparent in Fig. 5 . The Ginga light curve is not presented here; it has quite sparse coverage, showing a clear modulation at the white dwarf spin period, but no modulation or dips are evident at the orbital period. The power spectrum (Norton et al. 1996 ) also shows no evidence for a signal at the orbital frequency, although given the sparse coverage this is not surprising. As with AO Psc, there is little evidence for a beat signal in the power spectra of each data set.
The light curves folded at the spin period of the white dwarf are shown in Fig. 4 (column c) . As the spin ephemeris of Jablonski & Steiner cannot be extrapolated successfully to the epochs of these V1223 Sgr observations, the phasing in column (c) of Fig. 4 is arbitrary. Since clear orbital maxima and minima are not present in these data sets, we show only one set of folds.
INTERPRETATION
Spin pulse modulation depths
The modulation depths for the pulse profiles illustrated in Fig. 4 were calculated by finding the best-fitting sinusoid to each, using the Marquardt algorithm as described by Bevington & Robinson (1992) . The depths are listed in Table 2 . The large relative errors for the highest energy band indicate the poor quality of the data, or that these spin folds are not well fitted by a sinusoid.
For both objects, the modulation depths decrease with increasing energy, a trend that would be expected if photoelectric absorption were a dominant cause of the spin modulation. However, for both systems we find that it is not possible to model the dependence of the modulation depth on energy using a single absorber whose density varies with spin phase. For example, the change in density required to produce the observed modulation at high energies would predict much greater modulation depths (approaching 100 per cent) in the ROSAT band. Conversely, the change in density needed to produce the low-energy modulation would give a far lower modulation depth in the higher energy Ginga bands than is observed. This discrepancy cannot be explained by the fact that the two data sets for each object were obtained at different epochs, since the Ginga pulse profiles are themselves inconsistent with a single phase-varying absorbing column. We conclude that effects such as occultation and/or partial covering of the source of the emission must be included to explain these results. This is similar to conclusions based on earlier EXOSAT observations of intermediate polars, including both AO Psc and Vl223 Sgr (Norton & Watson 1989) . Recently, Hellier et al. (1996) have found that partial covering is required to model their far superior ASCA data for AO Psc. In such a model, some of the emission emerges through a non-varying absorbing column, whilst the remainder experiences an absorption whose effect varies as a function of spin phase.
For AO Psc, there is nO evidence for a difference in the fractional modulation depths between orbital maximum and orbital minimum in the Ginga data. This is consistent with the orbital dips being caused by an additional photoelectric absorption that acts throughout the whole spin cycle, but over only a limited range of orbital phase. In the ROSAT data, however, there is marginal evidence for a difference in modulation depths.
Orbital modulation
The orbital folds derived from the ROSAT and Ginga AO Psc data (Fig. 3) show dips at phase -0.8, which are similar to those noted by Hellier, Garlick & Mason (1993) using EXOSAT. However, these ROSAT data appear to show a dip superimposed on a roughly sinsusoidal shape which spans the whole cycle. Given its absence in the Ginga data this sinusoidal feature may be a transient phenomenon, or its amplitude may simply vary with energy.
An interpretation of this is that the dips are caused by a localized absorber above the disc plane, corresponding to the stream impact with the edge of the disc, and locked with respect to the binary period. Indeed the ASCA data of Hellier et al. (1996) have recently confirmed this suggestion by showing that the dip spectrum requires an additional column density of 5 x 10 21 cm -2. The sinusoidal component to the modulation may be due to absorption in a structure that is azimuthally extended around the accretion disc: such a model is considered likely on physical grounds by Patterson (1994) . The dip is coincident with the minimum of the sinusoidal modulation, which suggests that material is thrown up at the hotspot, from where it is spread by the magnetosphere. Patterson notes that this would not be expected to produce stable dips and indeed the ROSATlight curve for AO Psc shows tentative evidence that the dips vary from cycle to cycle.
The V1223 Sgr ROSATorbital folds show nO stable modulations. However, the dip at phase -0.75, which was tentatively reported in the EXOSAT low-energy band (0.05 -2 keY) by Hellier et al. (1993) , is present during some cycles of the ROSAT light curve. This dip is not convincingly present in the Ginga data, so may be sensitive to energy or may reflect secular changes when the time gap between the two sets of observations is considered. Again a possible model for the orbital dips in the ROSAT data is an absorber, fixed in the orbital frame, above the disc plane. However the data do not show an extended azimuthal effect. Considering this, and the inconsistent nature of these dips, it is possible that the inclination angle of Vl223 Sgr is just sufficient to allow the fringes of the absorber to obscure the emiSsion region during some cycles.
If the absorbing material is located around the rim of the disc, then the inclination angle of V1223 Sgr may be constrained somewhat using this scenario. Note, however, that the result will be speculative without firm values for the magnetic radius and the extent of the absorber above the disc plane. For example, using the estimates by Lubow (1989) for the height of the absorber (-2-3 x the disc thickness), say 10 9 cm, and assuming the outer disc radius to be _10 10 cm, the inclination angle (i) is -arctan 0.9 = 84°. However, no evidence for an eclipse by the secondary is seen in V1223 Sgr, suggesting that i-80° is an upper limit.
One problem with the assumptions leading to the above ca1cu-lation, however, is that a large number of intermediate polars show orbital dips. Since this would mean a disproportionate number would require a high inclination, an alternative scenario may be that there is an orbitally fixed absorber closer to the white dwarf. Such a possibility is suggested by Hellier (1997) , wherein the stream impacts the magnetosphere (near the inner edge of the disc) and material is again thrown out of the disc plane. If this is so, the argument above used to obtain the inclination angle of V 1223 S gr is not valid. On the other hand, Armitage & Livio (1996) used smooth particle hydrodynamics simulations to study the disc-stream interaction, and calculate the density of the stream and its height (z) above the disc plane at various radii and azimuthal angles. In their simulation, the density falls off at high z values for smaller radii, so the effect may not be significant. Their results indicate that the stream density would be sufficient to cause a dip at elevation angles (above the disc plane) of up to 12°, equivalent to i = 78°.
CONCLUSIONS
AO Psc and V1223 Sgr are remarkably similar systems in many respects. Previous studies, using EXOSAT, revealed that they both show clear X-ray modulations at their respective white dwarf spin periods, the amplitudes of which decrease with increasing energy. Searches for orbital modulation in the two systems suggested a possible difference, in that AO Psc showed definite orbital dips at around phase 0.8 in the orbital cycle, whilst the evidence for similar dips in V1223 Sgrwas somewhat tentative (Hellier et al. 1993 ). The power spectra of both these systems show little evidence for a signal at the beat period (Norton et al. 1996) , indicating that the accretion must be predominantly via a disc in both systems. For AO Psc, we provide further evidence for dips at orbital phase -0.8 in the medium-energy X-ray band. These dips can be modelled by an absorber above the disc plane, fixed in the binary frame. We find that similar dips occur in the ROSAT data at energies < 2 ke V and, in addition, there is a sinusoidal component to the modulation at these energies. This provides evidence for an absorbing structure that extends around the whole circumference of the accretion disc.
The ROSAT data presented here provide the first firm evidence that V1223 Sgr also shows orbital dips in its light curve. The variable nature of these dips suggests that the absorption producing them is intermittent. This can be used to place limits on the system inclination angle by assuming that the line of sight just grazes the absorbing structure in some cycles. By making plausible assumptions for the extent of the disc structures, we determine an inclination angle of around 80°. The coverage provided by the Ginga data is insufficient to determine whether these dips are present at higher energies.
Our findings confirm that AO Psc and V1223 Sgr continue to show pUlsations in the medium-energy X-ray band (as for EXOSAT), and now provide the clearest detection of pulsations at energies < 2 keVin each system. Also we confirm that spin modulation depths continue to increase to lower energies and that single column densities that vary with spin phase are insufficient to produce the pulse profiles.
